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Introduction
Palawan, where health care facilities are still limited, is one of the most malaria endemic provinces in the Philippines. Since 1999, microscopists (community health workers) have been trained in malaria diagnosis and feasibility of early diagnosis and treatments have been enhanced throughout the province. To accelerate the universal access of malaria patients to diagnostic testing in Palawan, positive health seeking behavior should be encouraged when malaria infection is suspected.
Methods
In this cross-sectional study, structured interviews were carried out with residents (N = 218) of 20 remote malaria-endemic villages throughout Palawan with a history of suspected malaria from January to February in 2012. Structural equation modeling (SEM) was conducted to determine factors associated with appropriate treatment, which included: (1) socio-demographic characteristics; (2) proximity to a health facility; (3) health seeking behavior; (4) knowledge on malaria; (5) participation in community awareness-raising activities.
Results
Three factors independently associated with appropriate treatment were identified by SEM (CMIN = 10.5, df = 11, CFI = 1.000, RMSEA = .000): "living near microscopist" (p < 0.001), "not living near private pharmacy" (p < 0.01), and "having severe symptoms" (p < 0.01). "Severe symptoms" were positively correlated with more "knowledge on malaria symptoms" (p < 0.001). This knowledge was significantly increased by attending "community awarenessraising activities by microscopists" (p < 0.001).
Introduction
Until very recently, the residents of Palawan province, the Philippines, lacked access to timely and adequate medical care for malaria, which is one of the most serious parasitic infections in the country [1] [2] [3] [4] [5] [6] . Prompt diagnosis and proper treatment are the principal strategies for controlling malaria [7] . Thus, a total of 344 volunteers (one for each endemic village, excluding 76 non-endemic villages) were trained as microscopists. Microscopists identify malaria infection and species of parasites, by microscopic examination of Giemsa-stained blood smears. Microscopists, under the supervision of midwives, also administer first-line anti-malarial drugs to malaria patients.
Microscopists in Palawan are trained as community health workers (CHWs). They specialize in malaria microscopic diagnosis and treatment. In rural areas such as Palawan, where there is a recognized paucity of formal public and private healthcare providers, the utilization of CHWs is a potentially inexpensive, effective, and sustainable approach for bringing malaria diagnosis and treatment closer to households [8] [9] [10] . Through this community-based strategy, which was launched in 1999 [11] [12] [13] , the annual parasite index (API) per 1,000 population in Palawan decreased from 27.6 in 2004 to 13 .0 in 2010, however, the annual number of cases in 2012 still exceeded 1,000 [2] [3] [4] [5] [6] .
Two studies which aimed to form strategies to reduce malaria re-infection among ex-patients who visited microscopists in Palawan have been conducted [12, 13] . The first suggested that enhancement of "service quality" and "ability in malaria microscopy" were the keys to strengthening community awareness-raising activities for malaria prevention by microscopists [12] . The second study suggested that these activities should be effective and should be strengthened to reduce malaria re-infection among ex-patients [13] . Moreover, the study suggested that these activities should be especially focused on improving self-implemented preventive measures among ex-patients traveling to the mountains, and on enhancing knowledge on malaria transmission, especially among indigenous ex-patients.
To accelerate the universal access of malaria patients to diagnostic testing in Palawan, positive health seeking behavior of residents should now be encouraged when malaria infection is suspected. Health seeking behavior for malaria patients has been indicated to be associated with various factors: socio-economic status (age, gender, educational status, financial resources); access to health care providers; perceived severity of disease; and cultural beliefs and practices about the cause and cure of the illness [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] . These factors are known to positively or negatively contribute to delays in malaria patients accessing medical facilities, which may lead to death. Few studies have been conducted among Palawan residents to identify factors associated with health seeking behavior.
The objective of the present study was to identify the multi-dimensional factors associated with the appropriate treatment of residents with a history of suspected malaria. The authors hypothesized that their (1) socio-economic status, (2) proximity to a health facility, (3) health seeking behavior (symptoms, treatment, and recovery), (4) knowledge on malaria (symptoms, transmission, vector species, and vector's most active time), and (5) source of information to raise awareness for malaria prevention would increase the likelihood that residents would receive appropriate treatment.
Methods

Study site and design
Palawan is an island province lying southwest of the capital island (Luzon). It is mostly covered by tropical rainforests and is one of the most malaria endemic provinces in the country [2] [3] [4] [5] [6] . Most infections occur in the tropical rainforest or adjacent areas during the rainy season (June to October). The present study was a cross-sectional study conducted after the rainy season, from January to February in 2012.
In 2010, the province of Palawan was comprised of 367 villages in 23 municipalities with a registered population estimated to be 1,025,800 (male, N = 527,200; female, N = 498,600) [24] . The ethnicity of these residents varied and included Tagalog (the predominant ethnic group in the Philippines), Cuyunon, Hiligaynon, Palawan, Cebuano, Ilocano, and Bisaya.
Twenty rural villages were selected for the study from the 137 villages located in 4 endemic municipalities of Palawan: 6 villages in Roxas (northern region), 7 villages in Puerto Princesa City (central region), and 2 and 5 villages in Bataraza and Brooke's Point, respectively (southern region) (Fig 1) . The study villages were distributed throughout the island and were selected with consideration for malaria transmission. In 2011, the APIs of each of the targeted municipalities were: 2.98 in Roxas, 5.87 in Puerto Princesa City, 20.4 in Bataraza, and 9.59 in Brooke's Point [6] . The remaining high-transmission municipalities (Quezon, Rizal, Sofronio Espanola, and Balabac) were not chosen due to location (mountain or islands) and/or safety concerns (several active militant separatist groups were based around these mountain areas). All of the ex-patients in each of the villages were targeted.
Participants, data collection and ethical considerations
Firstly, permission for the present study was obtained from the governor of the Palawan Provincial Health Office and each respective Municipal Health Office. Lists of malaria patients from 2011 were then collected from each of the rural health units and village health units. These lists were used to select the 20 above-mentioned highly malaria-endemic villages. Data collection, targeting residents with a history of suspected malaria, was carried out in these villages. All households located within one hour from the health center that covers most households in the village were visited. The residents from each household who had most recently been treated for suspected malaria were selected as participants of the present study. Participants who lived near a health center were asked to assemble at the health center; home visits were conducted for those whose homes were more distant. Farmers and gatherers living in distant mountains, migrant agricultural workers, miners, and members of militant separatist groups were excluded from the present study. All 218 participants had a history of illness and were suspected to have been infected with malaria in 2011. Data collection was conducted with the support of microscopists and health center staff.
All participants clearly understood the principles of confidentiality and voluntary participation. Written consent was obtained from all participants before the questionnaires were distributed. No health facility staff members, including microscopists, were involved while the participants were answering the questionnaire. The present study was approved by the Research Ethics Committee of the University of Tokyo (No. 3001) and upheld by the Palawan Provincial Health Office.
Measurements
An interviewer-administered structured questionnaire with 65 questions was developed. The questionnaire addressed the following factors: (1) appropriate treatment, (2) socio-demographic status, (3) proximity to health facility, (4) health seeking behavior, (5) knowledge on malaria, and (6) source of information to raise awareness for malaria prevention (Fig 2) . The authors also collected data on malaria endemicity from the Provincial Health Office of Palawan.
The questionnaire was developed in English and translated into Tagalog by local malaria experts. Given that some of the participants were members of indigenous groups and did not speak Tagalog, the questionnaire was also translated into indigenous languages. The translators were health center staff members who were fluent in both Tagalog and the target language. The validity and reliability of the whole questionnaire were enhanced with pre-testing and reviewing by two local malaria experts who were fully knowledgeable on the situation of microscopists in Palawan.
2.3.1. Appropriate treatment. Appropriate treatment, the outcome of the present study, was measured based on the participants' first treatment seeking behavior: (1) participants who received appropriate treatment (microscopists, satellite clinic, government health center, private clinic/practitioner, or NGO clinic or hospital), and (2) participants who did not receive appropriate treatment (private pharmacy, drug seller, or no treatment). Since the two participants who chose a traditional healer (Tagalog: Albularyo) as their first treatment seeking action, were very unusual cases, the authors analyzed them separately and did not include them in the SEM model.
2.3.2. Socio-demographic status. Participants were asked 10 questions on socio-demographic status: 6 nominal questions (gender, marital status, educational status, ethnicity, religion, and occupation) and 4 continuous questions (age, number of adults and children in the household, and household wealth). Household wealth was measured by asking participants about the presence of items (electricity, radio, television, refrigerator, bicycle, motorcycle, bikecar, and tin or cement wall) in the household.
2.3.3. Proximity to health facility. Participants were asked if they had any of eight types of medical facility near their house: microscopist, governmental health center, traditional healer, private clinic/ practitioner, NGO clinic or hospital, satellite clinic, private pharmacy, or drug seller. Conceptual framework. The authors hypothesize that an association exists between "appropriate treatment" and the following multi-directional variables: "socio-demographic status," "proximity to health facility," knowledge on malaria," and "participation in community awareness-raising activities for malaria prevention." Sub-variables of each variable are in the circles of the conceptual framework.
Health seeking behavior.
The following questions were asked to clarify health seeking behavior of the participants: (1) symptoms (stomach ache, fever, diarrhea, nausea, shivering, sweating, or coma); (2) the number of days between the onset of illness and the start of treatment; (3) reason for seeking the first treatment option; (4) treatment received (blood-test, or prescription of anti-malarial); (5) recovery; (6) type of plants and traditional medicine if they were used; and (7) the second and third treatment sought (if sought) and the reason. For the correlation matrix, each "symptom" was counted as "0" for "No" and "1" for "Yes." The scores were totaled to measure the degree of symptom severity.
2.3.5. Knowledge on malaria. As with the previous studies [12, 13] , the "knowledge on malaria" questionnaire was derived from the index developed by Yasuoka et al [25] . Quality of participants' understanding on malaria was measured by 4 parts: 5 questions on "malaria symptoms," 7 questions on "malaria transmission," 6 questions on "vector species," and 4 questions on "vector's most active time." Correct answers were coded as "2." Incorrect answers were coded as "1." Each of the 4 items was divided by its maximum number of points, to give a maximum score of "1," which was treated as a continuous variable.
2.3.6. Source of information to raise awareness for malaria prevention. Participants were asked if they had participated in any kind of community awareness-raising activities for malaria prevention. This question was based on 7 sources of awareness-raising activities: microscopists, Information Education Communication, parents, school education, television, or book/magazine.
Statistical analysis
Two types of statistical analysis were conducted after confirming the accuracy of the entered data. Firstly, to provide an overview of the characteristics of the participants, descriptive analysis was conducted. Secondly, to identify the factors associated with appropriate treatment, structural equation modeling (SEM) analysis was used. The correlation of all variables was examined and a path model was built based on the results of bivariate analysis (state model). The fit of the model was examined in terms of degrees of freedom (df), chi-square (CMIN), comparative fit index (CFI), and root mean square error of approximation (RMSEA). According to conventional criteria, a good fit was indicated by CMIN / df < 2, CFI > 0.97, and RMSEA < 0.05, and an acceptable fit by CMIN / df < 3, CFI > 0.95, and RMSEA < 0.08 [26] . All statistical analyses were conducted using SPSS version 18.0 and Amos 18.0 (SPSS Inc., Chicago, IL, USA).
Results
A total of 218 households participated in the present study: 43 participants (19.7%) from the northern region, 112 from the central region (51.4%), and 63 (28.9%) from the southern region. In each household, the individuals who had the most recent history of illness, and who were suspected to have been infected with malaria, were principally selected to participate in the present study.
Appropriate treatment
Of the 218 selected individuals, 203 (93.1%) were appropriately treated in a formal care setting: 141 (64.7%) by microscopists and 62 (28.4%) in a hospital (Fig 3) . Two participants first sought treatment in an informal care setting from a traditional healer. The 13 (6%) remaining respondents did not seek any medical care (no medical care).
Socio-demographic status
Most of the participants were women (80.3%) and were married (87.6%) ( Table 1) . Nearly half of the participants graduated from high schools or higher education (51.4%). About 70% were Tagalog or an amalgamation of Tagalog, and most were Christian (94.1%) of which more than half were Catholic. As many as 46.3% were homemakers and 20.6% were farmers.
The average age of the participants was 39.7 years (SD 13.3). The average number of people in household was 5.4 (SD 2.0), and average number of children per person was 2.9 (SD 1.8). The average household wealth was 1.7 points (SD 1.7) ( Table 2 ).
Proximity to health facility
Most participants (82.6%) recognized that they were living near a government health center where microscopists were worked (Table 3) . However, only half of the participants who received informal care or no medical care (50.0% and 53.8%, respectively) recognized that they were living near a microscopist. Regardless of the participants' first treatment sought, about half of them recognized that they lived near a traditional healer.
Health seeking behavior
Only about 15% of the participants who received formal care (14.6% of the microscopically diagnosed participants and 16.2% of those admitted to hospital) received appropriate treatment within 48 hours (Fig 3) . One hundred percent of the participants who visited microscopists and 90.3% of the participants who visited hospital were subjected to blood tests. Malaria was diagnosed in approximately 80% of the participants who visited hospital. Among the participants who visited formal care facilities, 90% recovered. Most of the participants who did not This scale scores from 1-8 points, with 1 point each for each of the following: electricity, radio, television, refrigerator, bicycle, motorcycle, bike-car, and tin or cement wall. recover received a second and third treatment if needed. Most participants reported that they visited a formal care facility because of the high quality of treatment (80.3%) or because the facility had good equipment (78.9%) (data not shown).
In contrast, none of the participants who received informal care (or those that received no medical care) were treated within 48 hours, nor did they receive a blood test. About half of these patients did not recover but did not seek any further treatment (Fig 3) . Among the participants who received no medical care, 3 took plant products and 2 took traditional medicine to treat their symptoms (data not shown). They did not seek any treatment because they thought it was too expensive (15.4%) or because they thought that they would get better soon (15.4%).
Most participants who received formal care reported experiencing stomachache and/or fever (86.2% and 84.7%, respectively), and about half of them reported experiencing diarrhea, nausea, and/or shivering (49.3%, 46.8%, and 43.8%, respectively) ( Table 3) . None of the participants who went to formal care facilities reported experiencing sweating. Of the patients who received informal care or no medical care, however, most reported experiencing this symptom 
Knowledge on malaria
"Knowledge on malaria transmission" was significantly higher with participants who received formal care than those who received informal care (p = 0.032) ( Table 4 ). In a similar way, other aspects of knowledge (symptoms, and vector species) seem to be higher with participants who received formal care than those who received informal care or no medical care.
Source of information to raise awareness for malaria prevention
Among the participants, 78.8% of those who received formal care and 53.8% of those who received no medical care had joined community awareness-raising activities against malaria that had been conducted by microscopists (Table 3 ). Other sources of information for awarenessraising activities did not attract participants. The two participants who received informal care (traditional healer) had no information on malaria from any source of information other than their parents.
Factors associated with appropriate treatment
To build a hypothetical SEM, bivariate analyses were conducted between all variables. Since the choice of the 2 participants who first sought treatment from a traditional healer, was very unusual, the authors analyzed them separately and did not include them in the SEM model. Several significant correlations were found (Table 5) : between "appropriate treatment" and "living near microscopist" (Pearson's r = 0.40, p < 0.01), "not living near drug seller" (Pearson's r = -0.14, p < 0.05), "not living near private pharmacy" (Pearson's r = -.019, p < 0.01), "severe symptoms" (Pearson's r = 0.21, p < 0.01), "knowledge on malaria symptoms" (Pearson's r = 0.17, p < 0.01), and "community awareness-raising activities by microscopists" (Pearson's r = 0.17, p < 0.05). Significant correlations were also found between "living near microscopists" and "not living near private pharmacy" (Pearson's r = -0.19, p < 0.05), and "attending community awareness-raising activities by microscopist" (Pearson's r = 0.14, p < 0.05). People who lived near a drug seller had significantly lower "knowledge on malaria symptoms" (Pearson's r = -0.16, p < 0.05). There was also a significant association between living near a drug seller and not "attending community awareness-raising activities by microscopist" (Pearson's r = -0.15, p < 0.01). Finally, there was a positive correlation between "knowledge on malaria symptoms" and "severe symptoms" (Pearson's r = 0.37, p < 0.01), and "attending community awarenessraising activities by microscopists" (Pearson's r = 0.38, p < 0.01). Based on these bivariate analyses to examine the relationship between appropriate treatment and other variables, several hypothetical SEMs were built. Fig 4 is the final model that was selected from several models with consideration of the fitness between the data and the model, and of the usability obtained from the results. In this model, the following directional paths were drawn: "severe symptoms" to "appropriate treatment;" "living near microscopist" to "appropriate treatment"; "living near drug seller" to "appropriate treatment;" and "living near private pharmacy" to "appropriate treatment." Bi-directional paths were drawn as follows: between "knowledge on malaria symptoms" and "severe symptoms," "community awarenessraising activities by microscopists," and "living near drug seller"; between "community awareness-raising activities by microscopists" and "living near microscopist," and "living near drug seller"; between "living near microscopists" and "living near private pharmacy."
This final model highly fit the data (N = 216, CMIN / df = 0.95, CFI = 1.000, RMSEA = .000). The good fitness of the model was indicated by the following conventional criteria [26] : CMIN / df < 2, CFI > 0.97, and RMSEA < 0.05. In a model using sample size around 200, which is a moderate sample size and is adequate for SEM, those conventional criteria were used to analysis the fitness. CMIN / df, which is a test to assess the fit of a model with consideration of degree of freedom, should be around 0 to 2, and since in the present study CMIN / df was 0.95, it could be said that the fitness was good. Other criteria also indicated good fitness of the model."Significant associated factors between "appropriate treatment" were "severe symptoms" (path coefficient = 0.17, p < 0.01), "living near microscopists" (path coefficient = 0.36, p < 0.001), and "not living near private pharmacy" (path coefficient = -0.12, p < 0.05). "Knowledge on malaria symptoms" was significantly associated with "severe symptoms" (path coefficient = 0.34, p < 0.001), "attending community awareness-raising activities by microscopists" (path coefficient = 0.36, p < 0.001), and "not living near drug seller" (path coefficient = -0.14, p < 0.05). "Attending community awareness-raising activities by microscopist" was significantly and negatively correlated with "living near drug seller" (path coefficient = -0.15, p < 0.001) and "living near microscopists" was significantly and negatively correlated with "not living near private pharmacy" (path coefficient = -0.16, p < 0.05). Multiple comparisons were also performed for each pair of groups, with the comparisons denying multicolinearity (Table 5) .
Discussion
The present study was conducted to determine the factors associated with "appropriate treatment" among residents with a history of suspected malaria in the province of Palawan, the Philippines. The final SEM model determined that three factors were independently associated with "appropriate treatment": "severe symptoms," "living near microscopist," and "not living near private pharmacy." The microscopists played a significant role in providing access to "appropriate treatment" for all of the participants who had "severe symptoms." In Palawan, where there is a recognized paucity of formal public and private healthcare providers [1, 6] , microscopists have brought malaria diagnosis and treatment closer to households. Similarly to the situation in Palawan, CHWs worldwide are used to provide healthcare for a variety of issues when there are critical shortages of highly educated health professionals [27, 28] . In serving as healthcare providers, CHWs contribute to facilitating access to malaria diagnosis and treatment, especially in rural communities in South Asia [25] , Africa [29, 30] , and South America [27] .
"Severe symptoms" were positively related to having more "knowledge on malaria symptoms." It was considered that more "knowledge on malaria symptoms" made the participants more aware of their symptoms. Increasing this recognition sensitivity could be a key to accelerating universal access to effective malaria diagnosis and treatment, not only in Palawan but also in the majority of malaria-endemic countries and areas. It is reasonable that people cannot seek appropriate treatment if they lack sufficient knowledge on malaria to realize when they might have the disease. It is known that inappropriate knowledge based on cultural beliefs or practices regarding the cause and cure of the disease significantly hinder proper health seeking behavior [20] . In some African communities it is believed that convulsions (mainly caused by malaria) are related to evil spirits and people who experience convulsions may seek treatment in traditional healers who, they perceive, can combat these spirits [31, 32] . Therefore, as an additional strategy, microscopists in Palawan should also focus on community awareness-raising activities to strengthen people's knowledge on malaria symptoms.
In our previous study [13] , three aspects of knowledge (malaria transmission, vector species, and vector's most active time) were found to be associated with better self-implemented prevention (knowledge on malaria transmission was most highly associated). Knowledge on malaria symptoms, on the other hand, was not associated with better prevention. Interestingly, in the present study we found knowledge on malaria symptoms to be associated with "appropriate treatment," while the other three knowledge aspects had no impact on "appropriate treatment" seeking behavior. Put simply, we found that knowledge on malaria transmission enhanced preventive measures and that knowledge on malaria symptoms enhanced the seeking of appropriate treatment. Moreover, this important aspect of knowledge, which led people to seek appropriate treatment, was positively and strongly associated with "community awarenessraising activities by microscopists." Not only were microscopists providing appropriate diagnosis and treatment [12] , and educating people to take actions to protect themselves from malaria [12, 13] , they were also delivering important knowledge, which caused people to seek appropriate treatment. These activities enabled prompt treatment of malaria among residents of Palawan and likely reduced the duration of the disease and saved lives.
It was also important that the residents could recognize that the presence of microscopists near their household gave them free access to appropriate treatment. While all of the participants lived near a health center and were cognizant of this fact, only half of the participants who received informal care or no medical care recognized that they lived near a microscopist. This result suggests that a strategy is needed to make all of the residents aware, for situations in which they suspect that they have been infected with malaria, that they live near a health center in which microscopists are working and that the treatment that the microscopists provide is appropriate and free. It should also be noted that a vulnerability was found in malaria control among ethnic groups [13] . People of the Tagalog ethnicity, took significantly more preventive measures than members of indigenous groups. Therefore, this strategy should be particularly strengthened among indigenous groups, to make them aware of the existence of nearby microscopists.
While it was important for febrile patients to recognize that they lived near a microscopist in order for them to seek appropriate treatment, if they recognized that they lived near a private pharmacy they would be less likely to seek appropriate treatment. In the Philippines, various medicines, including anti-malarial drugs, are available in private pharmacies. While these pharmacies are very important for those who cannot afford healthcare facilities to obtain the minimum amount of drugs to fight their illness, they do not always prescribe appropriate drugs. Now that Palawan has microscopists, who can provide appropriate treatment for free throughout the province, it might be time to conduct targeted training for the private pharmacies in order to increase the provision of appropriate drugs. Residents would be expected to experience a great deal of inconvenience, however, this is important, not only for achieving universal access to proper malaria diagnosis and treatment, but also for reducing the appearance of drug-resistance. At present, in Southeast Asian countries including the Philippines, drug-resistance against all anti-malarial drugs has been reported, even for artemisinin-based combination therapy, which is now the first line therapy for Plasmodium falciparum malaria recommended by the WHO [1, [33] [34] [35] . Moreover, counterfeit anti-malarial drugs are widespread in these areas [36, 37] . The significant role of microscopists, rather than private pharmacies, has to be appreciated by the residents.
The present study did not include the participants who received informal care from traditional healers in the final SEM model because of their small number. However, about half of the participants who joined the present study recognized that a traditional healer was located near their household. They have been present from the time the first residents arrived in Palawan and remain there at the time of writing (year 2014). They play a salient role in the healthcare of some community members. Their role in the health systems in Palawan remains to be analyzed.
Conclusion
In Palawan, where health facilities are limited, microscopists played a significant role in extending treatment access to residents. This enabled all of the study participants with severe symptoms to receive appropriate treatment. On the other hand, knowledge on malaria symptoms was considered to make participants more aware of their symptoms, and improved self-triage. The strengthening of this recognition sensitivity and making residents aware of the presence of nearby microscopists could be the keys to accelerating universal access to effective malaria treatment in Palawan.
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